A method for typing Aeromonas species by silver staining of total soluble proteins separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis is described. There was good agreement with the results obtained by autoradiography of whole-cell proteins for isolates examined by both methods.
Introduction
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) of radiolabelled whole-cell proteins has proved useful for typing several bacterial species, including aeromonads (Tabaqchali et al., 1984; Stephenson and Tabaqchali, 1986; Stephenson et al., 1987) . However, radiolabelled compounds are expensive and inconvenient to handle, and some bacterial species will not grow readily in the medium required for incorporation of the label. Therefore, silver staining was examined as an alternative means of visualising the proteins. Sensitivity is much better than that of fluorescent stains, heavy metals or Coomassie Brilliant Blue (Patel et al., in press ). The procedure is less complex than autoradiography and results are available at least 24 h earlier.
Materials and methods
Thirty five isolates of Aeromonas spp., previously typed by autoradiography (Stephenson et al., 1987) , were maintained as nutrient-agar stabs with repeated subculture for up to 2 years. They were cultured on horse-blood agar and incubated overnight at 37°C in air. Portions of three colonies of each strain were emulsified in 1 ml of phosphate-buffered saline, pH 7.3. Sodium dodecyl sulphate (SDS) was added to a final concentration of 2% w/v and the soluble proteins were dissociated by immersing the samples in boiling water for 3 min. The protein concentration was assayed by the method of Lowry et al. (1951) and the samples were diluted with sample buffer (Laemmli, 1970) Gels were fixed overnight in trichloracetic acid 20% w/v. Staining was performed as described by Patel et al. (in press ). In brief, gels were washed twice with methanol 50% v/v and once with water. They were soaked in silver diamine solution (21 ml NaOH 0.36% w/v, 1.4 ml ammonia 35% w/v, 4 ml silver nitrate 20% w/v) for 15 min with constant shaking and washed twice with water. Gels were placed in reducing solution (2.5 ml citric acid 1%, 0.26 ml formaldehyde 36% w/v, made up to 500 ml with water) and proteins were visualised within 10 min. Gels were rinsed in water and stain development stopped by immersion in a solution of methanol 45% w/v containing acetic acid 10% w/v.
Wet gels were analysed visually on a light box. The identity of the strains tested was unknown to the investigator who read the profiles. Each pair of protein profiles within a gel was compared according to previously adopted band criteria (Stephenson et al., 1987) , and the Dice coefficient (Dice, 1945) was used to calculate similarities between pairs of tracks. The reproducibility of the technique was examined by repeated testing of pairs of prepared extracts of cultures on different gels. Extracts from different colonies of the same strain were also tested in duplicate on the same gel.
The reproducibility of autoradiography was examined by repeated testing of pairs of isolates prepared from the same cultures on each occasion.
Results
Silver staining of each isolate made possible the recognition of 30-50 protein bands. The pattern was similar, but not identical to that of autoradiography ( fig. 1) . 90  92  26  16  18  30  30  38  42  70  36  96  20  20  24  34  34  54  46  72  34  40  24  24  42  26  50  38  54  34  28  42  28  44  22  26  26  32  74  42  28  34  32  18  20  22  30  30  28  22  36  32  44  42  62  32  48  30  26  30  68  58  34  52  38  40 Similarity coefficients were calculated for 173 pairs of tracks for each method of protein staining. The difference between similarity coefficients was noted for each pair. The mean difference between similarity coefficients was -9.0% SD 14.6%, a decrease in similarity on silver staining being taken as negative.
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Previously (Stephenson et al., 1987) , pairs of isolates more than 80% similar by autoradiography were considered to be identical, those less than 60% similar to be different, and those between 60% and 80% to be of uncertain relationship. The corresponding criteria for these categories after silver staining were taken as 71% identical, 5 1% different and 51-71% uncertain, by deduction of the mean difference in similarity between pairs of isolates examined by both methods. The majority (84.4%) of pairs were given the same classification (different, indistinguishable or of uncertain relationship) by both methods. Three pairs were indistinguishable by autoradiography but different by silver staining and 24 pairs were of uncertain relationship by one method only ( fig. 2 ). There were 46 pairs in which the strains were of different species; all the similarity coefficients were < 60% by autoradiography and all except one were <51% by silver staining.
Results were also analysed according to the clusters of isolates identified within each species. Where pairs were of uncertain relationship, similarity coefficients of each member of the pair to other isolates were also considered. For example, if A was of uncertain relationship to C but was indistinguishable from B and B from C , then A and C were considered to be indistinguishable. The strains of A . hydrophila were divided into two groups of two and six isolates and five single strains by autoradiography. Silver staining divided the largest group into a cluster of three indistinguishable isolates and three of uncertain relationship to the group. Otherwise clustering was identical whichever method was used. Among 18 isolates of A . caviae, five single isolates, three clusters of two, four and five indistinguishable isolates respectively, and a further two isolates of uncertain relationship to the largest cluster were identified. Two isolates Percentage similarity with silver staining of A . sobria and two not identifiable as any species were not related to any other isolate.
Reproducibility
Each of 1 1 pairs of tracks prepared from different colonies of the same strain and stained with silver had > 95% similarity. The mean difference between the similarity coefficients of 77 pairs of extracts tested on two occasions was +0.4% SD 8.9%. A decrease in similarity in a later test was counted as negative. The mean difference between the similarity coefficients of 117 repeated pairs of isolates examined by autoradiography was 6.1% SD 8.0%.
Discussion
The results of typing by silver staining were in good agreement with those of autoradiography and confirmed the validity of protein fingerprinting as a means of typing. The similarity of pairs of isolates varied little with time or with repeated subcultures.
The reproducibility of typing by silver staining was acceptable in the following respect. Fingerprints of different colonies from one culture compared on the same gel were virtually identical, whereas repeat examination of pairs of stored extracts on different gels showed greater variation. This suggests that the principal source of variability is the running, staining and analysis of the gel which should be amenable to further standardisation, with a corresponding improvement in discrimination. Although further work is required for a strict comparison to be made, it is clear that reproducibility is similar to that of autoradiography.
Pairs of different strains within the same biochemically defined species were as dissimilar as pairs of strains from different species. Aeromonas is known to be heterogeneous with several species as defined by DNA hybridisation within each phenotypic species (Popoff et al., 198 l) . Distinguishable isolates within a phenotypic species may represent different species by DNA homology. Isolates of uncertain relationship to clusters might represent different strains within a species as defined by DNA homology.
Protein fingerprinting by silver staining represents a useful method of typing, which should be applicable to bacteria of many species.
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